The Two-Beam Accelerator (TBA) shows great promise for achieving high accelerating gradients, perhaps >250 MV/m, for such machines as electron linear colliders. This paper presents the results of studies of candidate structures for a TBA. Also, the hardware and program for 35 GHz high-gradient testing is described.
Introduction
The Two-Beam Accelerator concept produce very high energy electrons for der.1 A TBA is shown schematically in is designed to a linear colli- Figure 1 .
lower frequency work, but is now recognized as being overly conservative. On the figure, the shaded region indicates an approximate range of applicability of TBA's. As can be seen, a surface gradient exceeding 1 GV/m should be achievable for 30 GHz operation. For a disc-loaded waveguide accelerator scaled to this frequency from SLAC dimensions, for example, this would imply an achievable average accelerating gradient of perhaps 500 MV/m. This is in marked contrast to the [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] MV/m average accelerating gradients of present-day S-band accelerators.
Finally, we note that for a TBA, this scaling is probably conservative by a factor of at least 2 to 3. This is because the pulse length need only be 20-50 ns, and the breakdown gradient is believed7
to scale as T-1/6 to 'r-1/4. where a and b are the waveguide width and height, respectively, and X is the free-space operating wavelength. Figure 4 Quarter-height WR-28 Test Piece Table 2 also lists the maximum surface field gradient expected in a short accelerator section we have fabricated, referred to a 100 MW power level. We have chosen the disc-loaded waveguide for these initial studies so that a new data point could be established which would confirm the breakdown gradient scaling indicated in Figure 2 . Such scaling has maximum credibility when it is applied to identical structures which differ only by a scale factor.
Additionally, the chosen structure is easiest to fabricate.
We have not seriously considered other types. Figure 5 shows a diagram of our seven-cavity high-gradient accelerator section (HGS). This was fabricated with all cavity and input/output coupler dimensions scaled from SLAC dimensions by the ratio 34.6/2.856 (GHz) = 12.11.
The center-to-center distance between the input and output coupling etched out in a hot sodium hydroxide solution. Figure 6 shows the HGS parts prior to assembly. Figure 7 shows the HGS in a clamp-yoke ready for plating. The last cavity in a SLAC accelerating section, number 84, was chosen as the reference for the five center cavities.14 It has the smallest center hole and in our scaled structure yields the highest electric field for a given power input. The center holes have a full radius and are of the same diameter for all cavities, for ease of fabrication. This means that the highest gradients will be produced in the input cavity. Since the group velocity is wellknown (vg = 0.0065 c) and the ratio of shunt impedance to Q is readily scalable from SLAC performance, the relationship between average accelerating gradient and power is conveniently expressed as:
Finally, the peak surface field, Ep, can be obtained from a ratio well-known for any SLAC-scaled structure:4 Ep/Ea = 1.95 The value for the HGS Ep listed in Table 2 is obtained from (2) and (3) using the group velocity given above and the SLAC value r/Q = 45.1 ohms.
The holes through the HGS end cylinders are waveguides beyond cutoff at 34.6 GHz. These permit viewing the interior with a photomultiplier in order to detect sparking when the assembly is under test. The cavity dimensions required for 34.6 GHz are: center hole diameter, outer diameter, disc spacing, disc thickness, 2a = 0.0626 in 2b = 0.2659 in d = 0.1138 in t = 0.0190 in Our first attempts to fabricate an acceptable structure were based on precision machining of OFHC copper discs and rings, to ±0.0002 inch tolerances, then brazing these together. The assembly was cut in two, lengthwise, and examined under a microscope. The primary problem was in achieving consistent, highintegrity braze joints between the discs and rings. Four trial assemblies were fabricated, each an improvement over the earlier ones. The fourth looked relatively good, probably acceptable, but confidence in our ability to obtain this quality of work repeatedly and reliably was not too high.
Finally, an electroforming approach was chosen and proved successful.
Instead of copper rings, aluminum rings were machined which had the correct cavity length and outer diameter. The discs, rings, and coupler sections were aligned and pressed together in a vee-block. The entire assembly was plated with -40 mils of copper. The aluminum rings were then CBB 854-3046 The final HGS discs and rings were machined to ±20 microinch tolerances on a LLNL precision diamondturning machine. Flatness and concentricity of inner hole and outer diameters were held to <200 microinches. The surfaces were machined to a 1 to 2 microinch r.m.s. finish.
The HGS was bench-tested at a few mW power level using a swept frequency generator.
The detected power transmitted through the HGS as a function of frequency is shown in the oscilloscope photograph of Figure 8 . The slight dip at the trough between peaks CBB 854-Z937 Figure 8 Transmitted Power vs Frequency for the HGS number 2 and 3 is caused by a calibrated wavemeter located between the generator and the HGS. It was tuned to 34.415 GHz. The frequencies corresponding to the peaks, left to right, are 34.350, 34.380, 34.450, 34.515, and 34.575 GHz, respectively. Our design frequency was 34.600 GHz in order to match the ELF operating frequency. The reason for the general frequency offset is not understood.
The impedance match into the HGS was rather poor, resulting in -50% reflected power, at best, at the largest transmitted peaks. An investigation revealed that some dimensional errors had been made in the input and output coupling apertures. We are presently correcting this situation by adding properly-sized aperture shims at the coupling irises. We are considering tuning the HGS to the correct operating frequency by internal copper plating using a platinum wire in a copper solution. The wire regions near the aperture holes would be masked to preserve the original finish at and near the holes. As a backup, we plan to start construction of a second HGS with dimensions appropriately modified.
The experimental setup to be used during highgradient HGS testing on ELF is shown in Figure 9 .
The vacuum tank ensures a reasonably good vacuum in the HGS and provides about 46 dB of attenuation. Directional couplers and attenuators further reduce the signal to detectable levels (e.g., I mW).
A significant fraction of the FEL microwave power must be periodically extracted and coupled to the adjacent accelerator structure. This must be done in such a manner that the FEL modal power distribution is not disturbed; i.e., essentially all of the FEL microwave power should continually exist in the desired TEOI mode. Any power converted to other modes by coupling discontinuities represents an undesirable reduction in overall efficiency. Figure 11 shows an early TBA concept where it was thought that adequate coupling could be achieved with FEL wall apertures. Because of narrow phase margins, each coupling region can only extend over a short length, perhaps 10 cm or so. It does not appear possible to couple the required power out of apertures which span this short a length. 15 Figure 12 shows how the basic scheme would work. Septums periodically "scoop" a fraction of the microwave power from the FEL waveguide. The scoop is then gradually tapered to fundamental waveguide size so that power can be transported to the accelerator HGS without mode conversion. Power is naturally coupled out of both sides of the FEL waveguide. This is convenient since it is necessary to feed the HGS symmetrically from both sides in an alternating manner in order to control a beam-deflecting mode in that structure.14. The FEL waveguide size and septum locations are chosen so as to accommodate the wiggled beam. The beam sees constantly expanding walls. The FEL is designed so that the microwave power increase per unit length from FEL action is equal to the average power extracted per unit length. After a small startup length, the FEL power level thus reaches a nearly steady-state value.
A study of waveguide tapers indicates that mode conversion can be easily controlled in linearly tapered output scoops. In the larger FEL waveguide, 
